Purpose: Chronic disease management represents an ongoing challenge, as many childhood illnesses require complex medical management by primary care providers. Asthma is one such illness, and today there is evidence to support primary care-based management strategies that will benefit patients with asthma throughout a lifetime. This study seeks to find significant indicators of asthma non-adherence in pediatric primary care, with potential for utilization in the medical home model. Design and Methods: Potential indicators included in a chart review process of one large Southeastern U.S. primary care pediatric practice were reviewed from the previous calendar year for asthma patients. The study retroactively looks at the incidence of six indicators in relation to asthma-related emergency department visits and hospitalizations, and number of missed appointments for clinically relevant associations. Results: Strong associations were found between emergency department visits and hospitalizations and many of the indicators of non-adherence with high statistical significance. No associations were found between number of missed appointments and the selected indicators.
Introduction
Chronic disease management represents an ongoing challenge for healthcare providers and the patients they serve. Although asthma was once generally considered a disease of childhood, it has developed into a chronic, life-long condition that requires continued medical management (National Heart, Lung, and Blood Institute, 2007) . This paper will review current evidence supporting management strategies beginning in childhood that will benefit the patient with asthma throughout his or her lifetime.
Asthma is a chronic inflammatory disorder of the respiratory tract, and is characterized by reversible episodes of airway obstruction, hyper-responsiveness and inflammation (Agency for Healthcare Research and Quality, 2013) . This disease state affects persons of all ages, socio-economic status, and geographic regions, but usually begins in childhood (National Heart, Lung, and Blood Institute, 2007) . The majority of emergency room visits and hospitalizations due to asthma consist of patients b 17 years of age (Morbidity and Mortality Weekly Report, 2013) . While guidelines have been published and used by providers to advise patients and prescribe treatment, asthma is a condition that is mainly managed in the home by the patient and family-based caregivers (Howell, 2008) . Once at home, health care providers have no control over how the patient utilizes recommended management strategies.
Both in quality of life and in monetary costs, asthma places a significant burden on society. According to findings by the Centers for Disease Control and Prevention (2012) , the estimated total cost of asthma to society in 2007 was $56 billion, including medical expenses, loss of productivity from missed school/work days, and premature death. In a growing cost and quality care conscious society, healthcare providers must utilize evidence-based strategies to manage asthma symptoms.
As ascertained by the National Center of Health Statistics (Moorman et al., 2012) , asthma is the third leading reason for emergency department visits and hospital admissions in children. Asthma is by definition reversible, and the majority of emergency visits stem from poor controller medication use, such as inhaled corticosteroid (ICS) medications. Regular use of ICS medications in the patient with persistent asthma has been documented to decrease hospital admission by over 30% (Lindsay & Heaney, 2013) . Monitoring established asthma patients for frequency of emergency department and sick visits can give clinical insight to the level of control achieved for asthma patients under the current regimen, allowing providers to adjust their recommendations accordingly.
This study seeks to use current literature about treatment adherence in pediatric asthma patients to determine leading factors associated with patient adherence to recommended and prescribed asthma management regimens. Predictors of adherence to asthma regimens were monitored from the electronic health records of established patients with asthma in a primary care pediatric setting in Florida, and analyzed for clinical and statistical significance. The practice may use these results to tailor its asthma management strategies in its quest to achieve asthma medical home qualification based on the American medical home model.
Review of Current Literature

Burden of Disease
The Effective Health Care Program Comparative carried out by the Agency for Healthcare Research and Quality (2013) , found that in the United States, over 24 million people currently carry an asthma diagnosis. In 2009, 1.2 million asthma-related hospital visits were recorded (Moorman et al., 2012) . Measures to prevent exposure to known allergens are the most effective means of controlling asthma "attacks", in which symptoms are exacerbated to the point that the patient suffers from bronchospasms, wheezing, difficulty breathing, coughing and shortness of breath (National Heart, Lung, and Blood Institute, 2007; Wright & Phipatanakul, 2014) . Environmental allergens and irritants can include dust mites, pets, mold, common house pests, environmental smoke, and air pollution. As demonstrated by Wright and Phipatanakul (2014) , patients can experience improvement in asthma symptoms upon utilization of proposed multifaceted interventions, to include patient and family education, cleaning, using HEPA filters, pest management, and the continual maintenance of these practices. Emotional and temporal factors are also known to exacerbate asthma symptoms (Mourad, Elganady, Mohamed, & Elgammal, 2012) .
Even with best efforts to avoid exacerbating factors, patients with asthma may still be susceptible to attacks if exposed to previously unknown factors, or during periods of acute illness. Triggers can lead to life-threatening events without emergent medical intervention for symptom reversal (Burns, Dunn, Brady, Starr, & Blosser, 2013) . In pediatrics, providers work with the family unit to establish a medical plan and accountability. Despite best efforts, treatment non-adherence has been found to be relatively high, with 40 to 60% of patients with asthma being deemed non-adherent (Drotar & Bonner, 2009 ). The term nonadherence then is used to mean "a measure of degree to which a patient does not match plans agreed upon between the patient and provider" (Howell, 2008.) 
Associated Factors
This review sought evidence of objective measures associated with treatment adherence that can be obtained directly from patient electronic health records. Significant objective data in the literature included a persistent asthma diagnosis, prescription of inhaled corticosteroid (ICS) medication (Drotar & Bonner, 2009 ), follow-up appointment keeping, referral to specialists (Klok, Brand, Bomhof-Roordink, Duiverman, & Kaptein, 2011) , escalation of medication regimen, emergency department visits (Lindsay & Heaney, 2013) , psychological comorbidities in parents and/or children (Bender & Zhang, 2008) , and influenza immunization status (Salas, Mehra, Crespo, & Juhn, 2013) . Each of these factors is discussed in further detail below. Individual factors studied in the asthma population include race, gender, socioeconomic status, formal education level (Chatkin et al., 2006) , and other more subjective measures, such as level of hope felt by patient (Berg, Rapoff, Snyder, & Belmont, 2007) . No consistent level of significance has been attributed to demographic or subjective data in relation to asthma adherence. Literature selection and strength of data is discussed further in the Methods section.
Persistent Asthma Diagnosis
The Expert Panel Report 3 put forth guidelines for diagnosis and management of asthma based on history, symptoms, physical examination, assessment of quality of life, and a therapeutic trial of medications (National Heart, Lung, and Blood Institute, 2007) . Disease severity is then determined based on frequency and duration of symptoms, symptom progression, lung function testing, and need for medication escalation. As medication increase becomes necessary and maintenance medications are required for the persistent asthmatic, the National Heart, Lung, and Blood Institute (2007) provides a stepwise approach for proper management.
ICS Medication Prescription & Escalation of Medication Regimen
The stepwise approach describes the initiation and frequent assessment of a long-term control regimen of inhaled corticosteroid (ICS) medication for any child meeting the requirements (National Heart, Lung, and Blood Institute, 2007). Patients should continue to have a rescue inhaler readily available, but adherence to the long-term controller medication is a stronger predictor of morbidity in the asthma patient than the frequency of use of rescue inhalers (Walders, Kopel, KoinisMitchell, & McQuaid, 2005) .
Emergency Department Visits
Consistent relationships were seen throughout the literature between identified objective measures and increased frequency of visits to emergency departments, sometimes requiring inpatient hospitalization. Asthma exacerbations frequently cannot be reversed without medical intervention, and become life-threatening events (Burns et al., 2013) . Regular use of ICS medications in the patient with persistent asthma has been documented to decrease hospital admission by over 30% (Lindsay & Heaney, 2013) .
Follow-up Appointment Keeping & Specialist Referral
Primary care clinicians provide basic patient education, and refer to specialists as needed for disease severity or complexity. Studies of parental comprehension reveal an understanding of primary care treatment plans as modifiable without provider input (Kuethe, VaessenVerberne, Bindels, & vanAalderen, 2010) . This potential for misguided home management can result in low follow up appointment keeping and inadequate medication administration. Conversely, specialty practices often have more thorough disease conversations and utilize asthma nurses (Kamps et al., 2003) . This style of practice seems to result in high adherence to treatment regimens, high follow up appointment keeping, and increased parent confidence in the treatment prescribed for the child (Klok et al., 2011) .
Psychological Comorbidities
A negative psychological state of asthma patients and their families can effectively increase emergency department visits and sick visits to the primary care provider, as well as decrease adherence and increase risk of death (Eisner, Katz, Lactao, & Iribarren, 2005; Smith et al., 2006) .
Influenza Immunization Status
Individuals with asthma have a suboptimal response against a wide array of microbial agents (Salas et al., 2013) and so, consistently benefit from timely active immunizations against disease. In the United States, children with asthma who are immunized against the flu appear to have fewer hospitalizations (Gerke et al., 2014) .
Methods
A search was conducted using EBSCO, PubMed, BIOSIS, CINAHL for articles published in the last ten years. The following terms were used: asthma management, pediatric asthma, asthma and adherence/non-adherence, predictors of asthma adherence/non-adherence, measures of outcomes asthma, human influenza and asthma, pediatric chronic disease, pediatric medication adherence. Six hundred thirty nine articles were retrieved, 404 were excluded for content outside of the scope of this study. Exclusion criteria consisted of adult data, inpatient data, data N 10 years of publication, with exceptions for latest available guidelines. Inclusion criteria included asthma diagnosis, pediatric data, outpatient data, data within 10 years of publication, adherence factors, nonadherence factors, medications, immunizations, and comorbidities. The results obtained from the literature were rated using the Strength of Recommendation Taxonomy (SORT) tool, published by the American Academy of Family Physicians (Ebell et al., 2004) . Only evidence that qualified for strength of recommendation A or B on a grading scale of A to C was used. Strength of recommendation A indicates consistent and good-quality patient-oriented evidence, B indicates inconsistent or limited-quality patient-oriented evidence, and C indicates consensus, usual practice, opinion, disease-oriented evidence, or case studies. Using strength of recommendation A and B only provided consistent, quality, patient-centered evidence for this review of evidence.
Design
This study utilized a retrospective chart review design. One researcher performed the medical record reviews. Permission to perform a retrospective chart review was obtained from the practice included in this study, and a list of patients with asthma diagnoses was generated using ICD-9 code for asthma 493-493.9 from the electronic health record database for the practice. With University of Florida Institutional Review Board approval and privacy regulations, no personal health or other protected information was collected or included in this study.
Setting
This study utilized de-identified patient information from a private primary care pediatric practice in Southeast Florida, in the United States. This pediatric practice had three office locations in the West Palm Beach region, and sixteen practicing providers during the time frame of data collection.
Sample
The electronic health records of two hundred patients were manually reviewed by the researcher for the following data: gender, race, age in months, primary provider, Short Acting Beta Agonist (SABA) inhaler prescription, Inhaled Corticosteroid (ICS) inhaler prescription, total number of prescribed medications, occurrence of asthma-related emergency department visits or hospitalizations (EDH), asthma-related specialist referral, current flu shot, psychological comorbidity, and number of missed appointments in the primary care practice surveyed (MA). Fifty patient charts were excluded due to incomplete data. The final sample consisted of one hundred fifty children, male (n = 79) and female (n = 71). Breakdown by race revealed a 51% majority of Caucasian patients, with 22% African American, 20% Hispanic/Latino, 1% Asian American, and 5% unknown. Mean age of patient charts reviewed was 121 months, approximately ten years old. The youngest patient was fifteen months old and the oldest was 263 months, approximately 22 years old (see Table 1 ).
Statistical Analysis
Once collected, data analysis was performed with statistical package software using Statistical Analysis Software (SAS) 9.4 (Tao, Kiernan, & Gibbs, 2015) . As there is no current gold standard for measuring nonadherence in children, the researcher and statistician used EDH data as a marker for adherence. A chi-square comparison of two categories was then performed for each factor of interest, although Fisher's Exact Test was utilized for some categories with insufficient counts. Standard p-values b0.05 were considered significant in this study.
Results
Primary Indicators
Asthma-related emergency department visits and hospitalizations (EDH) was used as the primary indicator of asthma non-adherence, and number of missed appointments (MA) was also used as a secondary indicator against which to compare the remaining factors for statistical and clinical significance.
Excluded Data
Gender, race and primary provider information served demographic purposes for use by the pediatric practice and were excluded from the results (Chatkin et al., 2006) . Additionally, fifty patient charts were excluded due to incomplete data.
Prescription Medications
The presence of a current SABA inhaler prescription was shown to have a significant relationship to EDH (p b 0.036). The data indicate that if the patient has a SABA inhaler prescription, he or she has a higher probability of having had an EDH. This is evidenced by a 95.7% chance of having had an EDH in the presence of SABA inhalers in this population (see Table 2 ). Comparatively, the presence of a current ICS inhaler prescription has an even stronger significance to EDH (p b 0.01), indicating a high likelihood of EDH if the patient has been prescribed an ICS inhaler. In addition, the total number of prescribed medications also seems to have a strong significance when compared to EDH (p b 0.01). A greater total number of prescribed medications had a strong relationship with the incidence of EDH in this population. The medications in question are not necessarily asthma-related medications, but the total number of reported prescription medications for each patient. 
Specialist Referrals and Flu Vaccines
Of similarly high significance is the matter of having an asthma-related specialist referral and EDH (p b 0.011). Although the raw number of patients who had received an asthma-related specialist referral is low at 14% of sample, the data support a strong relationship between the factors under comparison. The flu shot was moderately controversial in the 2014 to 2015 season, but has a strong relationship with EDH for this sample (p b 0.01). The majority of the sample did not receive the flu vaccine (103 out of 150 patients). Those who did receive the vaccine had an approximately equal chance of having an EDH or not, as 47% of the non-vaccinated had an EDH and 53% did not.
Factors Without Statistical Significance
The only factor analyzed without statistical significance was the presence of a psychological comorbidity in relation to EDH (p b 0.171). Of those with a psychological comorbidity, 22% had an EDH. While this may be clinically significant, statistical analysis does not support this relationship. Number of missed appointments (MA) was also used as a secondary indicator against which to compare the remaining factors for significance. None of the analyzed factors had any significant relationship to the number of MA in the patients' electronic record (p N 0.4).
Discussion
This study sought to produce primary data regarding non-adherence factors noted in current literature as they were observed in a large pediatric primary care practice. The data were assessed to determine the association of potential indicators of non-adherence in comparison to asthma-related emergency room visits or hospitalizations (EDH) for the established asthma patients in this practice. The data reveal clinically and statistically significant relationships between all of the selected non-adherence indicators and EDH, with the exception of psychological comorbidities.
Primary Indicators
The two factors EDH and MA were chosen for analysis as primary and secondary indicators of non-adherence due to a combination of evidence-based practice and availability of data. As described by Burns et al. (2013) , a patient with severe asthma symptoms often requires lifesaving medical symptom reversal in the emergency department or inpatient hospital (EDH) setting (National Heart, Lung, and Blood Institute, 2007) . Primary care settings may have a higher incidence of missed follow up appointments (MA) than specialty practices, and may explain varying levels of adherence for patients managed in primary care (Klok et al., 2011) . Additionally, the pediatric primary care practice in this study receives notifications from local emergency departments and hospitals when one of their patients goes in for any visit. As EDH and MA are both cited in the literature as significant factors in asthma adherence, as well as routinely collected data by this practice, these factors were chosen for analysis as the primary indicators of nonadherence in this study.
This study found many significant relationships between other asthma-related factors and EDH incidence. Those same factors showed no relationship to number of missed appointments for this population. Number of missed appointments did not have a significant relationship to the other factors as a potential indicator of non-adherence to asthma management plans in pediatric primary care. Current evidence had found associations between missed primary care follow up appointments for asthma and a decline in asthma adherence (Klok et al., 2011) , but this was not demonstrated when using MA as an indicator of non-adherence to asthma treatment plans. Gender, race and primary provider information served demographic purposes for use by the pediatric practice and were excluded from the results, as the literature review did not reveal these factors to have significance to asthma treatment adherence (Chatkin et al., 2006) .
Disease Severity
It is important to note that some of the factors described, such as medications prescribed or specialist referrals, can also be measures of disease severity for the patients. A patient who has more involved disease processes may be more likely to require a higher utilization of emergency services, as indicated by the noted relationships with EDH in this study. This study served as a primary screening for potential indicators of asthma adherence for the purpose of developing an improved system of primary care asthma management. Due to the primary nature of the data collected, the study was not able to control for these possible confounding factors, as they had not yet been identified.
Prescription Medications
It may be of particular interest that the prescription of asthma medications, such as SABA and ICS inhalers, had a very strong relationship to EDH. These are standard medications for the patient with intermittent or persistent asthma, so it is natural that there be a large representation from these indicators; however, the relationship described seems to indicate that patients with these medications had a higher chance of having ED visits or hospitalizations. Current evidence indicates that having, and using, an ICS inhaler should decrease EDH for asthma patients (Walders et al., 2005) . These findings may reinforce the validity of EDH as an indicator of adherence by showing that patients with asthma medication prescriptions who continue to have frequent visits to the EDH may in fact be non-adherent to their treatment regimen. Further research would be necessary to correctly interpret the specific relationship between these factors.
Specialist Referrals and Flu Vaccines
Similarly, there was a significant relationship between patients who saw an asthma-related specialist and the rate of EDH, with a higher indication of emergency or hospital visits for the child who sees a specialist. Much like the ICS inhaler prescription, having an asthma-related specialist referral has been shown to decrease EDH for asthma patients (Klok et al., 2011) . However, it is not known in this study if the specialist referral was made before or after the patient has ED visits or hospitalizations for asthma.
The rate of flu vaccine administration to the pediatric asthma patient has a strong relationship with EDH, but one of inverse proportions. This may be consistent with current literature that indicates a strong relationship between influenza infection and hospitalizations for asthma patients, as the 2014 to 2015 season's flu vaccine did not show a strong protective effect (Gerke et al., 2014) . While the flu vaccine is not on the Two-sided Pr N I Z I a n/a n/a 0.0024 SABA Rx = Short Acting Beta Agonist prescription, ICS Rx = Inhaled Corticosteroid prescription, EDH = emergency department visits and hospitalizations. a Z includes a continuity correction of 0.5.
pediatric immunization schedule, it offers a strong protective effect for asthma patients and can be used as a predictor of success for asthma management in the primary care setting. Conversely, psychological comorbidities did not prove to have significance to EDH in asthma patients, but could have clinical significance for the effectiveness of the treatment of psychological conditions in pediatric primary care. Asthma patients with psychological comorbidities have increased rates of emergency department visits and sick visits to the primary care provider (Eisner et al., 2005) .
Limitations
The inherent limitations associated with a retrospective chart review restrict the level and depth of data able to be captured for this study. The data analysis performed from the collected patient information can be helpful to guide practices in further discussions on the topic, but it cannot give definitive answers. While the data show a strong relationship for many of the studied factors, clinical significance cannot be inferred without further information. The researcher cannot claim to explain the cause of the relationship between EDH and specialist referrals, as there is a potential that children with more severe asthma are referred to specialists more frequently. In fact, when a patient has repeated admissions for asthma the hospital will frequently consult the pediatric pulmonologist in house, who may recommend outpatient follow up. Although the evidence suggests that asthma patients typically take prescriptions more accurately when prescribed by specialists, this study does not know the actual rate of medication administration for this population.
It may be logical that this patient population also have higher rates of hospitalizations due to their more severe disease state. Further analysis of complementary data is necessary to determine the significance between the potential indicators of non-adherence and the rate of emergency department visits and hospitalizations. Future studies in this population may be better able to understand whether patients are started on ICS inhalers before or after repeated EDH occurrences, and if the patients with prescribed inhalers use the inhaler as prescribed. Further studies on the relationship between psychological comorbidities and EDH may bring to light a better way of managing conditions of negative affect in the pediatric primary care arena, and may positively impact asthma management for this population.
Other limitations to this study are the localized population surveyed and the regional concentration of patients. The incidence of, management and outcomes for asthma patients in the southeast United States may be drastically different than for asthma patients in other regions. The results derived here may not be generalizable to the general pediatric primary care population, and would require an expansion of the study to gather a more accurate picture of the state of pediatric asthma patient care in other regions.
Practical Implications
The primary care pediatric practice involved in this study seeks to become a certified medical home for patients with asthma. The medical home model developed by the American Academy of Pediatrics (2002) and defined by the Affordable Care Act (ACA) (2010) sets forth a model of delivering primary care that focuses on coordinated, integrated, and high-quality care for patients to maximize safety and comprehensiveness for both patients and providers. The Affordable Care Act, in turn, rewards functional medical homes with payment that recognizes added value from the additional components taken on by the practice.
Understanding the added benefits of qualifying for medical home status, this practice seeks to meet the necessary standards. One such necessary standard is adequate electronic documentation of appropriate asthma management strategies used by providers in the practice. The factors analyzed in this study hold potential benefit to this practice in its quest to become a medical home for pediatric patients with asthma, as well as other primary care locations looking to improve their asthma management. Providers may use this information to manage patients with asthma with more guidance as to which factors are more strongly associated with non-adherence to treatment plans. As practices gain more knowledge of asthma care management in the pediatric primary care population, the concept of medical home can become more effectively utilized.
Conclusion
Primary care practices can utilize the given data and results to guide the management and documentation of care for asthma patients. Thorough and relevant documentation can lead to more effective treatment plans and open discussions with families of asthma patients, so that the best possible outcomes may be achieved for patients with this chronic illness. The medical home model seeks to achieve goals of whole-person orientation and coordinated care. The findings in this study can help pediatric primary care practices achieve medical home goals by guiding provider interaction with asthma patients. As this practice uses the relationships found in this study to make changes to electronic documentation templates, health records can better reflect complete asthma visits and improvement in efforts to increase patient adherence to treatment plans.
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